We developed 14 polymorphic microsatellite markers for the minute pirate bug Orius sauteri (Heteroptera: Anthocoridae), and tested them with five markers previously developed in O. strigicollis. Except at one locus from O. strigicollis, we obtained amplified fragments from a field population of O. sauteri. The number of alleles ranged from 2 to 14, and observed heterozygosity ranging from 0.000 to 0.900. The observed heterogeneity was negatively correlated with null allele frequencies. Linkage disequilibrium was detected in three pairs of loci. The 19 microsatellite loci were also tested for amplification and polymorphism in two congeneric species, O. minutus and O. strigicollis. Markers could be amplified at many loci, although null allele frequencies were higher in cross-species amplification than in intra-specific amplification. These microsatellite markers will be used in studies of genetic diversity in these species.
INTRODUCTION
Predatory bugs of the genus Orius are well known as important natural enemies of small arthropods, such as thrips, mites, and aphids (Lattin, 1999) , and mass-produced strains have been released augmentatively worldwide (van Lenteren et al., 1997) . In Japan, of seven Orius species that have been reported (Yasunaga, 1997a, b, c) , O. sauteri (Poppius), which is distributed throughout Japan, is the most common in the field.
On the other hand, the distribution of O. strigicollis (Poppius) is limited to coastal areas of southwestern Japan (Hinomoto et al., 2009) . It is thought, however, that its range has expanded northward . Comparison of the vertical distribution between areas where O. strigicollis are present and absent suggests that the ecological niches of O. strigicollis and O. sauteri are similar. It is thought that O. strigicollis has replaced O. sauteri as its distribution has expanded, although inter-specific interaction among Orius species has not been elucidated in detail. Since O. strigicollis was commercially registered as a biological control agent in 2001, it has been released to control thrips in greenhouses of fruit vegetables, such as eggplants and sweet peppers, and the influence of mass-released O. strigicollis on the field populations of other Orius species has attracted the concern of conservation ecologists. It is considered that there is a risk of either loss of genetic diversity or genetic disturbance in O. sauteri populations.
In this study, before monitoring genetic diversity in field populations of O. sauteri, we developed microsatellite markers for O. sauteri. Additionally, we tested the suitability of these markers in two congeneric species O. minutus (L.) and O. strigicollis, together with markers previously isolated from O. strigicollis (Hinomoto et al., 2006) .
MATERIALS AND METHODS

Insects.
To isolate microsatellite loci from O. sauteri, we used a single adult female from a labo-ratory population that was originally collected in Kochi, Japan ). The population had been maintained for more than 3 years at 20-25°C with a 16L8D photoperiod.
Field populations (Table 1 ) of all three Orius species were used for the analysis of allele frequencies of microsatellite markers. All specimens were collected from the flowers of the tall goldenrod, Solidago altissima L., and were preserved at Ϫ80°C until DNA analysis.
DNA extraction. Genomic DNA was extracted from the whole body of each adult female using a GenomicPrep Cell and Tissue Isolation Kit (GE Healthcare). Each individual was put into a 1.5-ml microtube and homogenized in 100 ml of the supplied cell lysis solution. DNA extracted according to the manufacturer's instructions was dissolved in 100 ml TE (1 mM Tris, 0.1 mM EDTA).
Isolation of microsatellite loci. We constructed a microsatellite-enriched library for O. sauteri according to the method described by Schlötterer (1998) , with some modifications. Genomic DNA obtained from a single adult female of the laboratory strain was digested with the restriction enzymes NheI and either AluI, BamHI, Csp45I, DraI, EcoICRI, HindIII, HinfI or MspI. Digested DNA fragments were ligated overnight with SNX linker (forward, 5Ј-CTAAGGCCTTGCTAGCAGAAGC-3Ј; reverse, 5Ј-GCTTCTGCTAGCAAGGCCTTA-GAAAA-3Ј; Hamilton et al., 1999) , in a Ligation High DNA ligation kit (Toyobo) with the restriction enzyme XmnI on a continuous cycle of 16°C for 30 min and 37°C for 10 min. After ligation, the polymerase chain reaction (PCR) was performed with the forward SNX primer under the following cycling profile: 94°C for 3 min; 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; and a final 10 min at 72°C for last-strand elongation. The total volume of reaction buffer was 10 ml containing 0.5 ml ligated DNA, 0.2 units of ExTaq (Takara), 0.2 mM dNTPs, and 0.4 mM primer. Amplified DNA fragments were hybridized with two 3Ј biotinylated probes, (AC) 16 and (TC) 16 , captured on streptavidin-coated magnetic beads (Promega), and eluted into distilled water by denaturing. The eluted DNA was again amplified with the forward SNX primer and subsequently cloned into the pGEM-T plasmid vector (Promega). After blue/ white selection, white colonies were checked for their length by PCR with primers SP6 (5Ј-ATT-TAGGTGACACTATAGAATAC-3Ј) and T7 (5Ј-TAATACGACTCACTATAGGGCGA-3Ј) under the following cycling profile: 94°C for 3 min; 35 cycles of 94°C for 1 min, 52°C for 1 min, and 72°C for 2 min; and a final 10 min at 72°C for last-strand elongation. One hundred randomly chosen recombinant clones were sequenced. If microsatellite sequences were detected in the inserts, then primers for the flanking region were designed using Primer3 software (Rozen and Skaletsky, 1998) .
Characterization of microsatellite loci in wild populations. We examined the variability of 14 markers isolated and 5 markers previously isolated from O. strigicollis (Hinomoto et al., 2006) in the field Orius populations. DNAs were extracted from each female as described above. Species were identified by the multiplex PCR method . Genotyping PCR was carried out in 10 ml containing 0.5 ml DNA, 5 ml Multiplex PCR Master Mix (Qiagen), 0.2 mM dNTPs, and 0.2 mM each primer. One of the primers for each locus was labeled with Beckman Dyes (Sigma-Aldrich). PCR was performed in an iCycler thermal cycler (Toyobo) under 95°C for 15 min; 30 cycles of 94°C for 30 s, 55 or 65°C for 90 s, and 72°C for 60 s; and a final 30 min at 60°C for last-strand elongation. Fragment analysis was performed on a CEQ 8000 Genetic Analysis System (Beckman Coulter) using 1.25 ml PCR products, 38 ml deionized formamide, and 0.38 ml 400-bp size standard (Beckman Coulter). Genepop version 4.0.7 software (Rousset, 2008) was used to test deviation from HardyWeinberg equilibrium (HWE) and linkage disequilibrium.
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RESULTS AND DISCUSSION
From 100 clones, we isolated 14 unique loci from O. sauteri (Table 2 ). In the O. sauteri population, among all 19 tested loci, 18 showed polymorphism (Table 3 ). The average number of alleles was 7.2 for loci isolated from O. sauteri (OsaMS) and 6.2 for loci isolated from O. strigicollis (OstMS). Five of the 14 loci from O. sauteri and two of the four from O. strigicollis showed a deviation from HWE (Table 3) . At loci with low observed heterozygosity, null allele frequencies were high (pϽ0.001; Pearson's product-moment correlation test after angular transformation). This result shows that the low heterozygosity was due to the presence of null alleles rather than the field population structure. Most of the 19 microsatellite loci could also be amplified in O. minutus and O. strigicollis (Table  3) (Muraji et al., 2000a, b) , and this might explain the difference. Because the presence of null alleles affect the estimation of genetic parameters (e.g., Dakin and Avise, 2004; Wagner et al., 2006; Chapuis and Estoup, 2007) , interspecific application of microsatellite markers should be used cautiously.
Linkage disequilibrium between loci in O. sauteri was found between OsaMS027 and OsaMS052, OsaMS041 and OsaMS066, and OsaMS066 and OstMS018 (all pϽ0.05; Table 4 ). It was also found in 6 pairs of loci in O. minutus and 9 pairs in O. strigicollis (Tables 5 and 6 ).Thus, these loci could not be used independently; however, even if one locus of each pair is excluded, we can still use 15 loci simultaneously in O. sauteri.
The risks of non-target effects posed by augmentative release of exotic biological control agents have been repeatedly discussed (e.g., Simberloff and Stiling, 1996; Louda et al., 2003; van Lenteren et al., 2003) . Because O. strigicollis is native to Japan, the risk of non-target predation has been considered low. Nevertheless, the use of native species poses its own risks (e.g., Roderick and Navajas, 2003; Hopper et al., 2006) . Thus, species composition and genetic diversity in field populations of the genus Orius should be monitored continuously. O. strigicollis has been widely used to control thrips in Japanese greenhouses since it was registered as a commercial biological control agent in 2001 (Yano, 2004) . Although they are usually released in greenhouses, O. strigicollis often escape because the greenhouses are not completely sealed. Nagamori and Hinomoto (2004) and Hinomoto et al. (2009) showed that O. strigicollis collected on weeds near greenhouses in which a commercial strain was released were genetically identical to the released strain, proving that the released O. strigicollis escaped from the greenhouses. The use of nuclear and mitochondrial DNA markers Muraji et al., 2004) might detect possible interbreeding between them. The microsatellite markers developed here can be used to measure genetic diversity in O. sauteri and other congeneric species to help prevent unexpected reductions in the genetic diversity of field populations of Orius spp.
